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[0 00 n 

jRS^Mtc^^O. ^*{CBEffi@B#;A:*«JSB#{c*jl»r. 1 HI 
[0 002] 

fete. ii^«*';->'fb-r6cifjj<>-7'!a3i5*<g«-r 

»i{bL-CjS!8«l3c5£g[*s»b-r4. C©fc». 3ai!SJt©y 
->{b«:»Rg|H*s*5, 

[0003] C©i ^ )5:*S«£S3£ffi©Mfb%jBt:f ^d:*J6 

^tb^y-xb-rse^BtL-rj^ga^T -7 1279 

•52t^g1^^d'^l'X>5;?>*JH^Snt:i»4. ^S^EE 

ifie B«iAcjKS«S-CHj6RMM©«S©filfg*> 

ecsytfe. ^m*s';->{bL/fc«^{c*jur*>i^?E 
^{cifc-t* i jli8«lJBiai**©W<b-tt-rK:. J: 0 'J 

2jS!81:b-CfeSSUfcj^M*s-5It6t/d:.5o itc^itifiV 
->©fcjs{>ccjt8iKiae3WiSTL. NOxfe7ti|ii«c<B«r 

[0 004] 

*5i5:<. *M:</X©?>c*ftW3&s^*Lj^**SM{bL-Ct,> 
»fSl*ff9K!gPSi?TSi<c*©-C. *««l:tf;^©Ji^{c 

[0005] eB«iWBS«»^jl!»tb©^*5*< 

[000 6] +>i'*iettTffifijas«;wi8«feaifi5 

y©JlE3i &4figrt)E^±^ C d P/d 0 3 raax*(g 

[0 00 7] i^ifiiytjitih. i^nm^'Mnucm^K. 



(3) 
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[0 0 0 8] m'SEGRif::<im^^^Ji'a:>m 

[0 009] »2<Da£3m*l5il>r. !^Pg^7-2 17 
4 7 8#4^(C**J:^«:. li^--rf;U4>(cjl!SI4*2ia lo 

[0010] *^?§»7!p*'.sra®.^{cffi*;rcfe©-r, -e 

[00 11] */c*lfeBj©@flfj», EffieB«;'c«!ag8K: 
[00 12] 

[giijs*w9i-r5/cj{)©^g] i»*Biiati©%5g«. 

[0013] iS*^2iBig©^?8«. BiiiBS|jH=&»^-r 

^fcit>. f8fi^(citsjiis^%i3tji^-r^«s^ii:i!as^«{i 40 

i 1 lHl©jS^i«««:ffiti±5E.#.ififi5«:tf ^ <»: i 4>(C. 
«iJiaflE«lJL*fifiS©*!S^«S*l^3W«ltrKfriBff^«IW 
^K^siftmofctgfrtlE^tcjSD-C. g[1^'ri^^l/©ffl(8± 

?E*iafi^©ji«»4'«t*a s ummmmR^^wt^Kk 
[0014] »*^3f2tE©^qB». mt^wkm^m^-f 

&/c«. it^2tB«(©|^j|!»|||KI©j«iiEimi$gS(c4st,» 50 
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[0015] ii*«4fB4S©^Bj«. m^mmim^r 
i^fcifo. n^2^ic\mimzfss&<mism^<imm 

*otiiPSigfc*jti-c. m^^^Mmxm^^lmmfm 

[0016] ii*3S5ieis©^Hj«. mriaPM^PSir 

^^3dE;^li^^4iB«^©|^«S^©«!S^ 

it^Sl7:)iiS:€«iJ: «>ii^ LXi,^?>m'^vnt2MS<oi& 
» 2mm<oimmmmmi:miE&^nri>i)^wi.i>Hm 

[0017] i«*l6iBl8©^?B». B?iB^S«rSl^r 

m^ifi<bmnLxi>?>m. mmsm±W!^Mi&<Dmnm 

[0018] 

[^ijgojam] i«*«iiBi8©*^?«fcj:ntf. fgfrttc 

cxsmns.m'j<Mmt'X^'^,'XimtimK)W^^m 
f3:^mmK*s[,^x. nPis:fo^ikmri>KJj^Bi^Bt 

^t>mii^fSti»ikmLftitS[^S^icSrf(,>xnX 
#St. *«*fcCi«:J:D. j8il4««©S»{c<j^toe 

r, X hi^mmmi^^ s-^ic^tfix^, mnns^m. 
i^icisi.^xEm^s.mxMm-rtj:t>%imm. d"j-> 

[0019] ii^2fB«S©if!:|^^(cJ:n(^. |gfF^«cjS 
<!:. EmBEMXig^mmmiCi!>i3:< 1 lil©j||g^« 



5 

[0 02 0] n^msiE^o^^mic^tni. n^m2 

[0 0 2 1 ] i»^^4iaig©:!j£^ea«:j:titf. fi:^S2 
S*«^. l1f-^i'}\^^ic2'BiC-$^»X)mmmi:n 

[0022] nmM5iEM(0^^mv:<i:*iit. i»*S3 

«ia^e*s«iw u/c^si£;NF»i*i^fiij: 0 tjis lx 
0{ci^?t©-c. 1Ssrtl^SI©■!^•'^^'J^v^'7'>+^cJ:•?^S 

lD©ilM(C^<7">=t'*J^L<ft:tiA{c48l,>Tfe. fflffi± 
5E.#.^*i5©«!S^'S«B#»i**ijaJ^ SCitcior. 

•rsc^*^pIe6<!:!^c'5, iS:&ilfjIg^JiS«:*j(,^rffiffig 

[0023] 6 tEiS©:4c|%qS(c «l:n(£ . sf ^ 5 so 
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^(mmot^^icm^x , SM^icjt^oxmmmm 
tcstmmmRifiFmjM!^hmncxi,^i>m. fria 
■r-5«iEa«::^#<-rsi:^fcL/t©-c. m^mm^m 

[0 02 4] 

[^w©iiis©j^si] JWT. mmicm-:}t.^x:^^m<Dm 
J6©jgffllK:oi>rsiW-rs. 0 1 {**i^{cfissrtjK« 
m<Dimmmmsi:^v >; >x>i;>K:®ffli,fcii i © 

[00251 *siiS}KSSJc*jt»-c». aig^tci&D-c 

IBS g Bm:}<Mm t 'X^^jj<im t * w^bisi i o r 

[0026] El*©x>i^ 1 0 ». K^JfJ- h 1 
1> St«s}<-h 1 2. trxh>l 3. lSBm.f'^)\'-:flA. 

[002 7] C ©x>y>2[5:«c 1 0 ^ftijiair •SS-^-M® 
ilg («T. ECUiBSr) 1«, ai^l^KjED-Cff 

«ieB«iW!l!^iiAc7E.^Aii!R«E©l>Tn3!p©jS^ 

^yc«s«ijiiEi^©as«i-'<^ jt-^ ^mmri'XiB!^^ 

^^ft^ikms^bifiikiHLfc^mtMmicjt^cxim 
t^m^xi,>i>, 

[0028] jss. Ecul (omm^mit. iiim^-<^-> 

4. ^sjt;«iiijgU5. *Sf4'©«^||®gP6»^^-F•7-f^' 
-F©iiaiiffit?«ijiS-r*ci*>-ct-535J. ^mimtSi 

[002 9] SftiECUlW. {'^>i>fk-b>1f-l9i>i 

ffi-r*. -eur. c©»taMm«:»-:J#. «s«ies^a 

16. ^^T-^yi 7 «:fi^^:ii<&. 

[0 03 0] C©J:^)a:filfiS©fci. *^I3-C«. EI2 



[003 1] -^x^. sjc^gtejgfisoibfptcotiriftia-r 
H*^-rfc©-cs>4. saKit* •;->«: urtrX ijiiRM 

KI?<BS t hi^c4Sjl!!SJ:bAFL*S';->KI?<i:^c-5>. 
[00 3 21 — SRStt*'; f ^^tCbTtrKiv -'s' 10 

SJearei? A F L t + > y KRIf SSRJt A F R T ffl * 
jSRtfcA/FSiRlKSilBUfc. 8IS^:^*St»ttEGR:tf 

h.imsm'^o/Y b.fs.h. 20 

[0 03 3] ti£-pr. E4{cS£*j5r#«:*}WS)I^eB 
[ 0 0 3 4 ] 0 5 K:jg*i^Bf»l4^lt3lf fcJS^O^rtJi 

xh>Ti«i««:jK«*«tft>ns?t«>. ji«s«i^ifa©ii;«c 30 

3&5jii^Stc J: Sffi;f7±^©-S|J«JTtS L . EtJgE^bJ&J 

[ 0 0 3 5 1 H6 K:j8Sga^»l*l?<bS-l*fclS^©i'^> 

4'^l^fcO©fglF*3)E;'3^{b^©«;^ffl CdP/d ma 
x<fcS^^i*^-r. >'5' + >i^©^^L'^S©HSi 
Aj:S1Sl*9EE*^Yb^©S:^ffi«. j|^^*sffiSIJ:5Ei^i 

CConrSgfES;*:*! C d P/d e ) nax*s{g?«-r -S. S 

ri»< «>©©. m^nm>ti\.^^ix.\mxt<imsL^m. 40 

[0036] C nw. ^SfgOflSTK: J: 0 »#Sti^^*itt 

m<Dm:km (.dP/ae) max^rfiTL-r. EBffiSB* 
ibi>. SO 
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[003 7] UiSL/ci^fc. tgirt©aS$*^aEGR 

?rinLrc»?>. H7 (a) ec^-rJ:'>K:, j^«l^»i*sSE 
iffi±?E*#iaK:*>5ti^(c»lgil^saK:ti- ^ 

[0 03 8] cnKStL-r. H7 (b) {c^-rj:^K:. 

L/fcti^{cjiSS«ii«9^*iA# < ^^b ur u * 

9. cti(3:j8s«i^*aft-rsi55se*«s{b-rict 

[ 0 0 3 9 ] s 1 (Dmtmwrcitm^it2mi^'$i-<r}xm 

WL-cc»5. M*4=&2|5I«:^l:tri«S*-r-5>C<!;{Cj:-, 

mmmits.m±.^'^..k o i>+^mn u rt* 2 @s© 

©j|«l»«s«* A:tt*8l4i!SStl^M%S(Hi|-r S C i (C J: r> 

[ 0 0 4 0 ] *fv >; >©jK«E«{saK^bsjsr*s/c 

sf£;©jiJiis*m-5<!:. eB«i'd^©pas&^w*5ia(i 
■c*s. -r&fc^. i0e{ci««3nfcjKi4©^siE:© 
ii*«i*«iHiL.-c. ■e©Msccit;(;-c2iHie©j^s^i«ftHi# 

[0 0 4 1 ] 08{i, 2WljtJi5JllK:*iW^je»?4«tifNF«! 
f6*t*l5Dl^ra«-C^Ufcfe©-C**. Htti^«A 

[0042] \.^-rti<om^xi> 1 mmicmsi^tiMm 

t}^±Mti>. C©jgfrtEE:^^^b*|gfrtBE:^)l2>-9-l 8 

tcioiftffi-r-s. c©tSF«3ffi^42>-t»-«^t©^<b3&>e.^ 

WiBS^JKIcEi^Wi^tbKr^Citcj:-,^. 

m^mmLxi.^tntm2m<DmnmmmmimnL. ^ 
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[ 0 0 4 3 ] fisa. mmmmmmmommi. lx. zm 
its. ttci,t2mm<D^mm9imm(Dmni'Ci^^x2M 
mmnctifixitiifi. ^(Dtmrnt^hA^i^^ 

[0044] Aic^ H9CD7a-g^-i'- h«:#MLr* 

mmmfSi<Dmm<mtiinmic^f^ri, *na9©« lo 

^s.jmmi>mnLxi,^ti{t. 2mm<ommmmimn 
•s. 

[0 04 5] HQKteor. ifr:^f-v:fiO (JUT. 20 
X7=-i.:/4Sill«-r) X. Ti'^Jm&m^. i'^>i> 

mmmtkau, s 1 1 ■rx>i?>i5i^, nn^nm 
•ti>. ^o-c. s 1 2X3.->v>->mw^t%m(*t^'f'ifo 
sett 1,1cm 2<o^'itf7v ■:r^^m.vxmmm^mm 

[004 6] islmmifi'X^t^,'}(^mt¥m\^fcm^^c 
tts 1 3«:ji*. XMMXim<ofm^^t^'ri>. sa 
m'X^tmiLtcm^^^si. s 1 4'^ji*5fBEaieB« 
Xjsmovm^^^-rh. •ax.^x. s 1 s-cEisj^i^, 

S 1 QXWi^mtl-^ly^ m 1 1 8 ) X^^Kt} 
S 1 8 -CS 1 0 ©v ^7 T-Aie 2 iaiCDjl!8*Wr«^»l 

[0047] ixt,>-cs 1 9 xf'mm^os^^^mm 

TS, rtsiioii. mi lic9jk-r<i:'>tj:^v:^i^mLX 
f#6tl^>eS^Stt.B#»!CTAi. ftmsn/c^SltiB^ 

[0048] mxii. "s^mmmcTiumm^mmm 

CTA-o (m«a=l) <fc»Jfe/jN3(,>tB^{C«. ^ 

mjt.mm*smnbx\.>i><Dx. s2o^^mL, 2@b 

CDjtl8f4««Nra I T 2 4 I T2 + /3iiift-r5. 
[0049] ^SIEI^JWC TASBS^SJBI^JfliC T A + 
a (m«a= 1) J: »3 l,»ti^«:». 
*ijiftl/ri»-S©-C. S2 l'N:«'i!g^L^. 2lHl@0«Kif4"« 
m^WI T2* I T2-(8iaiftt^ri,>.5. CTA-a 
^CT^CTA + a©iS^(C». 2l3S«lt^CDSI9fi SO 
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m7t>-rS2 2^^Z. ^LX, S2 2tr2|5|eCD«m 
[0 0 5 0] Blow. 3.>i»mmCRVf-»mK.J:i 

9m(o2Msmnmmmmn2<o-7v:fx$>i. x> 

m>^^t^iim(otc»<oimmmmm< rj:i<oxmmm 

i}>f3:<ii')m'xmmttjii><ox. mstms^mnuxi.* 

[005 1 ] HI iw. mm=^mmmcTA<o-7y:r 
x$>i. s->i^>mm&i)m<rj::s,icm-:>x. mmo^it 
^sjt<Dtcifo<DmMmmifim< tj:i,<Dxsmi^mmm 
%iifti/rt»5. nmifi^]>s<tj:ncur>xjm'mm. 
ifi'prji<u*imxsmtti:i><Dx. mm^mmm^m 

c 0 0 5 2 ] la 1 2 w. ai^fl^tc J: 

[0 053] ^XfC. :^mm<DfH2<Dm&^miC'Z>\.>xm. 

a©02 <ommjm<oim.^^-riy:^TJ>.masixs> 

S. l^2©j|iiJ^!^©«^!S;«, Si{cn^u/clli©SI:te 

-C. fR«^14RUfgt^l5©>'-»Vl/7'df-Y5>y*^ 

[ 0 0 5 4 ] n 2 (omimmt.. sm^'^Ji'-^^^ i>if 

««2 0 tc J: 0 . ::AcTE.^*8«8ffl©^<;U:/^' ^^>ift 

K) i^A pjfig-c* 0 , sm^EMxmm'po i ma©*!!** 

B#»i©?f 5 C <t *^Si t ^ 

[0055]ai4 (a) ^3:i^^E^JAcill!S«lNF©^^';^><^^ 
^ 5 7 h . 014 { b ) »E*&eB« 

^.il!EB$©j^««^'>VU;^fi^. 014 (c) ItsmS 
EM'Xmmm<D^VV:fdt'{ i>ifRiOfJVl,-:fVy h%-e 

[0056] s.m!SE.mxmmicit. mmTwrntx 
mm7m±M.^.j:'jm^.mmi>cm^imcx(.^^, t. 

iv^imicmoxi.>i>mmmaicm\ 2mm<D)mm 
sntms±m^Mj&xn '!> . 
[0057] mm^ifi^^.j^ «5 't!>m^mmvimc^fc 
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-5. 

[ 0 0 5 8 ) H 1 5 tc^ 1 mmmmomm^mmA m 
ll^lll^fi0J^SJ:»)jt^■cc>sfc^^>. ^Sf6©i6^i^*i 

^*n^jwjgi^ra*s* »j . » 1 mmi&icit^x ECU 
[ 0 0 6 0 ] $/c. 1 mmicmmstifctm^^^ox 

9i|5)Dr*.5. 

[006 1 ] i^tc. 03©*JS^««:oi,»-cSil|-rs. 

©jlifiJ^S©«fiKK. 0 1 CC^b/cH 1 ©*6©^^ 

©«js<ti^«-c*4. m3<Dmmmmit. nf-i^ji^tp 

[0062] m3mmm-c\a.. m^^-is.x.mmti> 
itifo. mmtfi^m.iici3:*)m^.^mi^-ir, u-^x. mm 

■ri,-SL^ifi$>i>. -is. iif-f i'Ji'Sfeo©*m«s^» 
[ 0 0 6 3 ] 0 1 6 fcn 1 mmmiDmiaLmiA <* 

«iac fitor. lllilJfi}BSI©J:^fc^Sl£:^ 

r^^^c^Rf^r^fJU. c©^a'J3ti?c#;A:B#»iK:E£:i;r 
ffiSSJ:5E.^.l^ifi©j^i^«S^I^W«liiE-r 4 C i (c#ifc*i 

[ 0 0 6 4 ] 0 1 7 li. ^SS{c*jC:f SMS. II;'j{c3* 

r s y >ig^©«^®n^ra r ©ms^ i / r 
■r. ^^ani^ra©2!®[ i / t t>gMJ|!4*i«i«c o 

[ 0 0 6 5 ] S/cS 1 7 ffiffitf!i4'«:4sW-5a 
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ifixti. cn«. si^-ri'.'u©fsrrt©seso*jE^© 
\/x^mnvx\i/xdx (=b 

[0 06 6] ip%ffiffig|J&iSS*>e,. 3bi>-^l^-:f^}:ytf 
BIPH (AT) riartE:ft«r«feffio. c©EE:^jtci£:i;fcs 

lfes^Lri/r4*J&5. *L/r. BP= I 1/Td 
10 t. |QS«:«Z C <l/r) XAT] *Jif^U'<;U (*? 

[0067] 018», Si'^>i'ft{C*jWSBP= S 
1/rdti. Jgl^^^Jn-r. A©a^©il!8?4'«l48#»i 
ITCCSSfbr. 1gSrtSaAS<gTL//cBt?«BP©fii*s® 

<^coT(,»s. se^r. c©t*fiS-ca^©i T-r*^* 

[0068] Ctl{C*f . B P©fii*j|«*sf««N*!« 

20 wmfwp<om!^n i t u c tc^r . 

l§frtaS[*JigTL-C. «:^*-C©>5I&^*sS<J&:-3/c 
[0 06 9] ^XtC. 01 9©:7a-f^-f- 

■c. »3iiiij^si©*ijffli©^n?:giw-r.5. *ijffli©etiis 

Isl«-C* H 1 HJfiJl^!!! <k^% 5 S 3 5 J«T© 

m'xmm^m<ofc!t)<omM^ b p©#m i . -e©«»f 

[0 07 0] S3 5-CiSf(^£E:f3i2>-9-K:J:»J®l*3ffi^P 
*«itH-r-5. S3 6t?^-r*J:5«:. fSrtBE*P*>6 

c;tgfrtaeT>iP6. m«0i lomj:-?^:^^^^^ 
xm'JiMtimm x<Dmm i /r 4^*^, s 3 8 t?§;;c 

(ommmmn^'Sip^nmL. ittcmmmrnxuiftiit, 

S 3 SK^o-r^i^igStB P©a»*iBlW4. 

40 [007 1] mvmmxi>tni. s 4 o -ckje©*!"^© 
mmm I T^i^D^'jitf. s 4 1 xm-A^^mBP = j i / 
Td t©<iii*©@«ffiT<!:©rn**ij»f-rs. bp*j 
rmm < t - o . o d j: ij/jns i,»is^«:«. 
amtiz tf^mv. s 4 2 -cii!g?4«fti^»3*jtft-r-5. 
[0072] BP*i±K<il (t + O. 0 I) J:*):k^t.^ 

m-^icit. m-xmrntfrnn-nt^o, S4 3xmn 
mamis^Mn-r^, BP©fii©r*i*ig«fflr*>6Rg 
Sf*j (t-o. oi^bp^t + o. 0 1) 

t8f4'®WB5»i©SS£^M(«ft>%C>. -e- l/T S 4 4 -Cff 

50 aHfg*©*Hasti!g«*tf^. 
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[0 0 7 3] cc-c. S3 6fC*jWS1Srtff;^P*^6tgi 
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[0074] 

mi] 



dQ=dU+dW 
PV=mRT 
dU= d (m 
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f^ti^(om 1 mi 

CC-C. Q : 8iAJ»«. U : ffiS!i3^^}\^=¥. 
P : fgirtE:t. V : ifS. m : *;H^. R : 
T : ISrtiaa. C V : ;£^Jti^-C*5. 
[0 0 7 5] JW±©3SC*«?< C<k«:J:-?r. Si'^^ 

T = TOX (VO/V) * (n-1) 
CC-C. T:fSrta@:. V:§a. T0:«)!JK8SS. V 
0 : Vmm, n : sKU ha-7'*g»T*«. 
[0078] ^^{c. m4CDj|*6j^Si{c-piirSiHJ-r«. 

1<!:0D-C*S. 04<i!^l*feJgSStt^Sj£a^«li3WgEYbO 20 

«j|SflB#«{ClBD-r^^5Ci€:!KFm<!:-r-5. C<Dft: 

cc. 02 0 fc^r J; ^ tjiim^f^'K^it-cfcmmmmm 

[0 07 9] UaOfc^'XC. tSl*3U&<0D->(P)W^'7 

[0 08 0] i>CK. 02 2©7Ci-5^f- 
T. ll4Slt^Sg(D$(l8PCr>%n«:ga%-r-&. mo^E^ 
W^cfiSi<T.»l| ll6»Jg,«©7 n - 9^ f - h -C^iS 9 i 

I5l«-C*)*. 

[008 1 ] l»l||J6»!!liM)&:.5Bif©*Si^-r-5, S 

5Q-cmmmmmBTAim^im2o<Dmti^y^ 40 

S6 O-C^JSI&^SUCT^fiJKiL.. 
i€^W*ljiftL/ri»n« (CT<CTA- a) . S6 1 
-CltiEa/3*SSjiSS«|I^BTA*»6*i{>. S6 2-C2 

maiismwwmFjwi T24ffliEa/3/ci:f®ft-rs. ^5 

J&^W**aftO-Cl»n« <CT>CTA+a) . S63 
t?aiES/3*a«lji^«g^»!BTA*>e>*fe. S6 4-C2 
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precisely. 
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3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Have in a cylinder fuel direct injection equipment which injects a direct fuel, and compressed 
self-ignition combustion and jump-spark-ignition combustion are set to a switchable intemal combustion 
engine according to a service condition. A pressure detection means to detect cyUnder intemal pressure, 
and a firing stage prediction means to predict a firing stage based on the cylinder intemal pressure which 
this pressure detection means detected. The combustion control system of the intemal combustion 
engine characterized by having the fuel-injection control means which changes fuel oil consumption or 
fiiel injection timing according to the firing stage which this firing stage .prediction means predicted. [ / 
near the compression top dead center ] 

[Claim 2] Have in a cylinder fuel direct injection equipment which injects a direct fuel, and compressed 
self-ignition combustion and jxmip-spark-ignition combustion are set to a switchable intemal combustion 
engine according to a service condition. While performing at least one fuel injection near the 
compression top dead center at the time of a pressure detection means to detect cylinder intemal 
pressure, and compressed self-ignition combustion operation The combustion control system of the 
intemal combustion engine characterized by having the fuel-injection control means which changes the 
fuel oil consimiption or fuel injection timing near the compression top dead center of this cycle 
according to the cylinder intemal pressure which said pressure detection means detected before the fuel 
injection timing near [ said ] the compression top dead center. 

[Claim 3] It has a reaction detection means beforehand, the cylinder intemal pressure which said 
pressure detection means detected ~ being based — a fuel — a reaction stage is detected beforehand — 
said fiiel-injection-timing control means Perfomi fuel injection in 2 steps into 1 cycle, and it carries out 
at the stage which carried out the tooth lead angle of the 1st fuel injection from the compression top 
dead center. The combustion control system of the intemal combustion engine according to claim 2 
which performs 2nd fuel injection near the compression top dead center, and is characterized by said 
thing [ changing the 2nd fuel oil consumption or fuel injection timing according to a reaction stage 
beforehand ] to which the reaction detection means detected beforehand. 

[Claim 4] The combustion control system of the intemal combustion engine according to claim 2 or 3 
characterized by having the adjustable moving valve mechanism which can change the closing motion 
stage of an induction-exhaust valve so that it may have the sealing period which both the inlet valve and 
the exhaust valve have closed near the exhaust air top dead center, performing fuel injection in 2 steps 
into 1 cycle, and performing 1st fuel injection during said sealing period. 

[Claim 5] The combustion control system of the intemal combustion engine according to claim 3 or 4 
characterized by carrying out the amount part angle of delay of amendments of the 2nd fuel injection 
timing, or decreasing the quantity of fuel oil consumption by the amount of amendments when the 
amount part tooth lead angle of amendments of the 2nd fuel injection timing is carried out, or the 
quantity of fuel oil consimiption is increased by the amoxmt of amendments when [ said / which the 
reaction detection means detected beforehand ] the reaction stage has carried out the angle of delay more 
nearly beforehand than the set point, and the reaction stage has carried out the tooth lead angle more 
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nearly beforehand than the set point. 

[Claim 6] The combustion control system of the internal combustion engine according to claim 5 
cheiracterized by enlarging the amount of amendments which amends the fuel injection timing or fuel oil 
consumption near [ said ] a compression top dead center, so that it has a combustion stage calculation 
means to compute a target combustion stage according to a service condition and the computed target 
combustion stage is carrying out the angle of delay from the compression top dead center. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] By starting the intemal combustion engine which can switch jump-spark- 
ignition combustion and compressed self-ignition combustion according to a service condition, 
especially optimizing 1 time or 2 times of fuel injection timing at the time of compressed self-ignition 
combustion, this invention stabilizes a combustion stage and relates to the combustion control system of 
the intemal combustion engine which performs compressed self-ignition combustion by the large 
operating range. 
[0002] 

[Description of the Prior Art] In order to improve the thermal efficiency of a gasoline engine, while 
reducing a pumping loss by Lean-izing gaseous mixture, the technique of enlarging the ratio of specific 
beat of working medium, and improving a theoretical thermal efficiency is known. However, with the 
conventional jump-spark-ignition engine, if an air- fuel ratio is Lean-ized, a combustion period will delay 
and combustion stability will get worse. For this reason, there is a limitation in Lean-ization of an air- 
fuel ratio, 

[0003] The cycle engine which premixing compressed self-ignition combustion is made to cause as it 
considers as the technique which Lean-izes an air- fuel ratio and is in JP,7-71279,A is indicated like 2 
line, avoiding aggravation of such combustion stability. In premixing compressed self-ignition 
combustion, since a combustion reaction occurs from two or more locations of a combustion chamber, 
when an air-fuel ratio Lean-izes, the combustion stabilized also in the Lean air- fuel ratio is attained, 
without a combustion period delaying compared with jump spark ignition. Moreover, combustion 
temperature falls for Lean and an air-fuel ratio can also reduce NOx substantially. 
[0004] 

[Problem(s) to be Solved by the Invention] However, in the 1st conventional example, since [ usual ] 
about two lines was considered as the cycle engine configuration, there are no intake valve and exhaust 
air bulb which control a gas exchange, the blow by of unbumed gas occurred, and fuel consiimption was 
getting worse. Moreover, since an expansion stroke turned into an expansion exhaust stroke which 
exhausts in the second half from the need of performing a gas exchange and work by expansion of 
combustion gas was not fully able to be taken out, there was a trouble that heavy load operation was 
difficult. 

[0005] On the other hand, self-ignition combustion is strongly influenced of an air-fiiel ratio. For 
example, when heavy load operation is considered and an air- fuel ratio is made deep, the fuel quantity 
which causes a combustion reaction increases, combustion becomes intense, and knocking is caused. 
For this reason, the trouble [ count / of combustion ] that one usual operation according to self-ignition 
combustion with a heavy load with a cycle engine about four lines was difficult was in two revolutions. 
[0006] In order to expand the load range where knocking is avoided and compressed self-ignition 
combustion is materialized, it is effective to carry out the angle of delay of the combustion stage from a 
compression top dead center. If the angle of delay of the combustion stage is carried out, since 
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combustion will be performed at the time of piston descent, cylinder intemal pressure [dP/dR/C theta] 
max leading to knocking can be reduced. 

[0007] However, since the time amount to which the pressure in a cylinder and temperature are kept 
high decreases when the angle of delay of the combustion stage is carried out, the robustness over the 
cycle variation of the excess air factor lambda in a cylinder and temperature falls, and there is a trouble 
that combustion becomes instability, 

[0008] For example, although residual EGR gas is influenced of the combustion condition of a before 
cycle, when the temperature of residual EGR gas changes, the temperature in the cylinder of degree 
cycle will also change. Therefore, when the stabihty of combustion was considered, it was difficult to 
fully carry out the angle of delay of the combustion stage from a compression top dead center. 
[0009] As 2nd conventional technique, as it is in JP,7-217478,A, the fuel injection equipment of the 
cylinder-injection-of-fuel type spark-ignition engine which supplies a fuel in a cylinder in 2 steps into 1 
cycle is indicated. This conventional example supplies the fuel in 2 steps, in order to avoid a spark- 
ignition engine's knocking. However, in the 2nd conventional example, control of fiiel injection timing 
is omitted in consideration of lambda in a cylinder, and the cycle variation of a temperature condition. 
Therefore, since the stability of combustion got worse as mentioned above when this is appUed to 
compressed self-ignition combustion, heavy load operation was difficult. 

[0010] This invention is what took the example by this trouble, and the object is offering the combustion 

control system of the intemal combustion engine which can expand the operating range by compressed 

self-ignition combustion to a heavy load side, avoiding knocking and combustion instability. 

[001 1] Moreover, the object of this invention expands the operating range by compressed self-ignition 

combustion, and improves fuel consimiption and emission, and thermal efficiency is to offer a clean 

high intemal combustion engine. 

[0012] 

[Means for Solving the Problem] In order that invention according to claim 1 may solve said technical 
problem, it is equipped with the fuel direct injection equipment which injects a direct fuel in a cylinder, 
and sets compressed self-ignition combustion and jump-spark-ignition combustion to a switchable 
intemal combustion engine according to a service condition. A pressure detection means to detect 
cyUnder intemal pressure, and a firing stage prediction means to predict a firing stage based on the 
cylinder intemal pressure which this pressure detection means detected. Let it be a summary to have had 
the fuel-injection control means which changes fuel oil consumption or fuel injection timing according 
to the firing stage which this firing stage prediction means predicted. [ / near the compression top dead 
center ] 

[0013] In order that invention according to claim 2 may solve said technical problem, it is equipped with 
the fuel direct injection equipment which injects a direct fiiel in a cylinder, and sets compressed self- 
ignition combustion and jump-spark-ignition combustion to a switchable intemal combustion engine 
according to a service condition. While performing at least one fuel injection near the compression top 
dead center at the time of a pressure detection means to detect cylinder intemal pressure, and 
compressed self-ignition combustion operation Let it be a summary to have had the fuel-injection 
control means which changes the fuel oil consumption or fuel injection timing near the compression top 
dead center of this cycle according to the cylinder intemal pressure which said pressure detection means 
detected before the fuel injection timing near [ said ] the compression top dead center. 
[0014] Invention according to claim 3 is set to the combustion control system of an intemal combustion 
engine according to claim 2 in order to solve said technical problem. It has a reaction detection means 
beforehand, the cylinder intemal pressure which said pressure detection means detected ~ being based — 
a fuel — a reaction stage is detected beforehand — said fuel-injection control means Perform fuel 
injection in 2 steps into 1 cycle, and it carries out at the stage which carried out the tooth lead angle of 
the 1st fuel injection from the compression top dead center. 2nd fuel injection is performed near the 
compression top dead center, and let beforehand said thing [ changing the 2nd fuel oil consumption or 
fuel injection timing ] to which the reaction detection means detected beforehand be a summary 
according to a reaction stage. 
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[0015] Invention according to claim 4 makes it a summary to have the adjustable moving valve 
mechanism which can change the closing motion stage of an induction-exhaust valve so that it may have 
the sealing period which both the inlet valve and the exhaust valve have closed near the exhaust air top 
dead center, to perform fuel injection in 2 steps into 1 cycle, and to perform 1st fuel injection during said 
sealing period in the combustion control system of an internal combustion engine according to claim 2 
or 3 in order to solve said technical problem. 

[0016] Invention according to claim 5 is set to the combustion control system of an internal combustion 
engine according to claim 3 or 4 in order to solve said technical problem. When [ said / which the 
reaction detection means detected beforehand ] the reaction stage has carried out the angle of delay more 
nearly beforehand than the set point, carry out the amount part tooth lead angle of amendments of the 
2nd fuel injection timing, or the quantity of fuel oil consumption is increased by the amount of 
amendments. When the reaction stage has carried out the tooth lead angle more nearly beforehand than 
the set point, let it be a summary to carry out the amount part angle of delay of amendments of the 2nd 
fuel injection timing, or to decrease the quantity of fuel oil consumption by the amount of amendments. 
[0017] Invention according to claim 6 makes it a summary to enlarge the amount of amendments which 
amends the fuel injection timing or fuel oil consumption near [ said ] a compression top dead center, so 
that it has a target combustion stage calculation means to compute a target combustion stage according 
to a service condition and the computed target combustion stage is carrying out the angle of delay from 
the compression top dead center in the combustion control system of an internal combustion engine 
according to claim 5, in order to solve said technical problem. 
[0018] 

[Effect of the Invention] According to this invention according to claim 1, have in a cylinder fuel direct 
injection equipment which injects a direct fuel, and compressed self-ignition combustion and jump- 
spark-ignition combustion are set to a switchable internal combustion engine according to a service 
condition. A pressure detection means to detect cylinder intemal pressure, and a firing stage prediction 
means to predict a firing stage based on the cylinder intemal pressure which this pressure detection 
means detected. By having had the fuel-injection control means which changes fUel oil consimiption or 
fuel injection timing according to the firing stage which this firing stage prediction means predicted [ / 
near the compression top dead center ] Even if there is cycle variation by the extemal environment or the 
engine change of state irrespective of the count of fuel injection, a combustion stage can be stabilized, in 
a heavy load operating range, compressed self-ignition operation, i.e., efficient and clean operation, is 
attained, and fuel consumption and emission can be improved. 

[0019] According to this invention according to claim 2, have in a cylinder fuel direct injection 
equipment which injects a direct fuel, and compressed self-ignition combustion and jump- spark-ignition 
combustion are set to a switchable intemal combustion engine according to a service condition. While 
performing at least one fuel injection near the compression top dead center at the time of a pressure 
detection means to detect cylinder intemal pressure, and compressed self-ignition combustion operation 
Since the fuel oil consumption or fuel injection timing near the compression top dead center whose fuel- 
injection control means is this cycle was changed according to the cylinder intemal pressiu-e which said 
pressure detection means detected before the fiiel injection timing near [ said ] the compression top dead 
center It becomes possible to control the combustion stage of each cycle the optimal so that a target 
stage always comes. Knocking and combustion stability aggravation are prevented, compressed self- 
ignition operation, i.e., efficient and clean operation, is attained more in a heavy load operating range, 
and it is effective in fuel consumption and emission being improvable. 

[0020] According to this invention according to claim 3, it adds to an effect of the invention according 
to claim 2. It has a reaction detection means beforehand, the cylinder intemal pressure which said 
pressure detection means detected — being based ~ a fuel ~ a reaction stage is detected beforehand — 
said fuel-injection control means Perform fuel injection in 2 steps into 1 cycle, and it carries out at the 
stage which carried out the tooth lead angle of the 1st fuel injection from the compression top dead 
center, the 2nd fuel injection — a near compression top dead center ~ carrying out ~ said — the reaction 
detection means detected beforehand, since the 2nd fuel oil consumption or fuel injection timing was 
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beforehand changed according to the reaction stage It becomes possible to predict change of the 
combustion stage to cycle variation with a sufficient precision. The further angle of delay of a 
combustion stage can be realized, compressed self-ignition operation, i.e., efficient and clean operation, 
is attained more in a heavy load operating range, and it is effective in fiiel consumption and emission 
being further improvable. 

[0021] According to this invention according to claim 4, it adds to an effect of the invention according 
to claim 2 or 3. It has the adjustable moving valve mechanism which can change the closing motion 
stage of an induction-exhaust valve so that it may have the sealing period which both the inlet valve and 
the exhaust valve have closed near the exhaust air top dead center. Since fiiel injection is performed in 2 
steps into 1 cycle and it was made to perform 1st fiiel injection during said sealing period, refining of the 
fiiel injected to the 1st time for the elevated-temperature high voltage by the compression during a 
sealing period progresses, and an unbumt fiiel can be reduced fiirther. Moreover, in order that [ of the 
fiiel injected to the 1st time ] a reaction stage may carry out a tooth lead angle beforehand, control of a 
combustion stage becomes easier. 

[0022] According to this invention according to claim 5, it adds to an effect of the invention according 
to claim 3 or 4. When [ said / which the reaction detection means detected beforehand ] the reaction 
stage has carried out the angle of delay more nearly beforehand than the set point, carry out the amount 
part tooth lead angle of amendments of the 2nd fiiel injection timing, or the quantity of fiiel oil 
consumption is increased by the amount of amendments. Since the amount part angle of delay of 
amendments of the 2nd fiiel injection timing is carried out or the quantity of fiiel oil consumption was 
decreased by the amount of amendments when the reaction stage had carried out the tooth lead angle 
more nearly beforehand than the set point It writes enlarging the specified quantity which carries out 
combustion stage amendment by controlling the fiiel injection timing near a compression top dead 
center when variation occurs in progress of a reaction beforehand by the cycle variation of the condition 
in a cylinder. Heavy load operation is aimed at, it becomes possible to fully carry out the angle of delay 
of the combustion stage from a compression top dead center, compressed self-ignition operation, i.e., 
efficient and clean operation, is attained in a heavy load operating range, and fiiel consumption and 
emission can be improved. 

[0023] According to this invention according to claim 6, it adds to an effect of the invention according 
to claim 5. It has a target combustion stage calculation means to compute a target combustion stage 
according to a service condition. Since it was made to enlarge the amoimt of amendments which amends 
the fiiel injection timing or fuel oil consumption near [ said ] a compression top dead center so that the 
computed target combustion stage was carrying out the angle of delay from the compression top dead 
center The amoimt of amendments can be changed now according to a target combustion stage, and it is 
effective in the ability to perform more exact combustion stage control. 
[0024] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained based on 
a drawing. Drawing 1 is system configuration drawing showing the configuration of the 1st operation 
gestalt which apphed the combustion control system of the internal combustion engine concerning this 
invention to the gasoline engine. 

[0025] In this operation gestalt, it is switchable in compressed self-ignition combustion and jump-spark- 
ignition combustion according to a service condition. A reaction stage is detected beforehand and it is 
the description to stabilize combustion at the time of heavy load operation of the fiiel which fiirthermore 
injected the fuel in 2 steps at the time of compressed self-ignition combustion, and was injected to the 
1st time by detecting cylinder intemal pressure which carried out the angle of delay of the combustion 
stage by [ this / that amends the 2nd fuel injection timing according to a reaction stage beforehand ] 
having been detected. 

[0026] The engine 10 in drawing is equipped with an inlet port 1 1, an exhaust port 12, a piston 13, an 
intake valve 14, the exhaust air bulb 15, the fiiel injection equipment 16, the ignition plug 17, the 
cylinder intemal pressure sensor 18, and the crank angle sensor 19. 

[0027] The electronic control (it abbreviates to ECU hereafter) 1 which controls this engine 10 The 
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combustion pattern judging section 2 which judges whether it operates according to a service condition 
by either combustion system of compressed self-ignition combustion and jump-spark-ignition 
combustion. The jimip-spark-ignition combustion-control section 3 which controls the combustion 
parameter at the time of jump-spark-ignition combustion operation, The self-ignition combustion- 
control section 4 which controls the combustion-control parameter at the time of compressed self- 
ignition combustion operation. It has the fuel-injection control section 6 of combustion which detects a 
reaction beforehand, which the reaction detecting element 5 detected beforehand with the reaction 
detecting element 5 and which controls fuel oil consumption or fuel injection timing according to a 
reaction stage beforehand at the time of compressed self-ignition combustion operation. 
[0028] In addition, although the component of ECU 1 can also constitute the reaction detecting element 5 
and the fuel-injection control section 6 from the combustion pattem judging section 2, the jump-spark- 
ignition combustion-control section 3, the self-ignition combustion-control section 4, and a hard- wired 
logical circuit beforehand, it is realized as a program of a microcomputer with this operation gestalt. 
[0029] Moreover, based on the engine revolution signal which the crank angle sensor 19 detected, £ind 
the accelerator opening signal (load) which the accelerator opening sensor (not shown) detected, ECUl 
judges a service condition and computes fuel oil consumption and ignition timing. And based on this 
calculation result, a signal is sent to a fuel injection equipment 16 and an ignition plug 17. 
[0030] In the basis of such a configuration, and this invention, while being shown in drawing 2 , 
compressed self-ignition combustion is performed in the specific service condition below the number of 
a low load and middle turns, and jump-spark-ignition combustion is performed in a heavy load or a high 
rotational frequency region. 

[0031] Next, actuation of this operation gestalt is explained. Drawing 3 shows the range where the self- 
ignition combustion to an air- fuel ratio is materialized. If the air-fuel ratio is made into Lean, 
combustion stability will get worse and an engine^s torque fluctuation will become large. For this reason, 
a design value or the air-fuel ratio AFL from which the stability limitation which carries this intemal 
combustion engine and can be permitted as character of a car etc. serves as the stability threshold value 
Sth serves as the Lean limitation as an intemal combustion engine. 

[0032] On the other hand, if the air-fuel ratio is made rich, knocking reinforcement will increase. 
Thereby, the air- fuel ratio APR in the knocking limitation Nth serves as a rich limitation. Therefore, the 
stability limitation AFL and the air-fiiel ratio field surrounded with the knocking marginal air-fuel ratio 
AFR serve as self-ignition combustion formation range. Thus, self-ignition is materialized only in the 
limited air-fuel ratio range. In addition, air-ftiel ratio A/F was explained to the example as an index 
which shows the rate of gas and a fuel here. The same inclination is shown also about the case where 
residual gas or EGR gas is contained, and an axis of abscissa serves as the total capacity and fuel 
quantity rate G/F which doubled burned gas with new mind in this case. 

[0033] Therefore, the compressed self-ignition combustion operating range in the conventional 
technique is shown in drawing 4 . As shown in drawing, in the conventional technique, the compressed 
self-ignition combustion operating range has stopped at the very narrow range. 

[0034] The cylinder intemal pressure at the time of changing a combustion stage to drawing 5 and the 
combustion wave form of heat relesise are shown. The wave of a continuous line is a wave by the 
combustion stage just behind a compression top dead center, and the wave of a broken line is a wave 
which carried out the angle of delay of the combustion stage from the compression top dead center. If 
the angle of delay of the combustion stage is carried out, change of cylinder intemal pressure will 
become loose. Since combustion is performed at the time of piston descent, this is because buildup of 
volume of combustion chamber negates a part of pressure buildup by combustion temperattire and 
pressure variation is controlled. 

[0035] [dP/dmaximum theta] max and thermal efficiency of cylinder intemal pressure rate of change per 
crank angle at the time of changing a combustion stage to drawing 6 are shown. A combustion stage 
serves as max just before a compression top dead center, and said [dP/dmaximum theta] max reduces the 
maximum of the cylinder intemal pressure rate of change used as the scale of the ease of generating of 
knocking as it carries out the angle of delay of the combustion stage from a compression top dead 
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center, moreover - if thermal efficiency carries out the angle of delay of the combustion stage from a 
compression top dead center, although it gets worse - extent of aggravation when there are few amounts 
of angles of delay — it is very loose. 

[0036] This is for a firing pressure and temperature to fall and for a cooling loss to fall, although time 
amount loss increases by lowering of a degree of constant volxmie. That is, since time amount loss and a 
cooling loss offset each other, even if it carries out the angle of delay of the combustion stage, thermal 
efficiency does not get worse. Therefore, in order to fall [dP/dmaximum theta] max of said cylinder 
intemal pressure rate of change leading to knocking and to expand the operating range of compressed 
self-ignition combustion to a heavy load side, it is advantageous to carry out the angle of delay of the 
combustion stage to extent to which thermal efficiency does not fall. 

[0037] As mentioned above, since it is influenced of residual EGR gas, the temperature in a cylinder 
differs slightly for every combustion cycle. The combustion wave form when whenever [ cylinder 
intemal temperature ] changes to drawing 7 is shown. As shown in drawing 7 (a), when a combustion 
stage is near a compression top dead center and cycle variation occurs in whenever [ cylinder intemal 
temperature ], the combustion wave form is stable. 

[0038] On the other hand, when the angle of delay of the combustion stage is carried out, and cycle 
variation occurs in whenever [ cylinder intemal temperature ], a combustion wave form will change [ as 
shown in drawing 7 (b), ] a lot. If this carries out the angle of delay of the combustion stage, it shows 
that stability gets worse. That is, in order to carry out the angle of delay of the combustion stage, it is 
necessary to improve the robustness (robustness) over cycle variations, such as whenever [ cylinder 
intemal temperature ]. 

[0039] With the 1st operation gestalt, the fiiel is injected in 2 steps. By injecting a fuel in 2 steps, the 
fuel started combustion at once, and became rapid combustion, and it has prevented that knocking 
occurs. The tooth lead angle of the 1st fuel injection timing is carried out more nearly enough [ than a 
compression top dead center ]. 2nd fiiel injection timing is made into near a compression top dead 
center, and is controlling the firing stage by controlling this 2nd fiiel oil consumption or fiiel injection 
timing. 

[0040] Since combustion of a gasoline is a low-temperature-oxidation reaction, after [ which can do an 
intermediate product ] going through a reaction beforehand, it results in the thermal flame which is final 
oxidation reaction. It mixes with oxygen and the fiiel injected in the cylinder runs said reaction. If 
whenever [ progress / of a reaction ] is beforehand seen at this time, the initiation stage of self-ignition 
combustion can be predicted. That is, the robustness over variations, such as whenever [ cyUnder 
intemal temperature ], can be improved by [ of the fuel injected by the 1st time ] detecting the stage of a 
reaction beforehand and amending the 2nd fiiel injection timing according to the result. 
[0041] Drawing 8 shows the control approach of the fiiel injection timing in this operation gestalt, and 
shows a fiiel-injection pulse signal and heat release on the same time-axis. The drawing soHd line A 
shows a usual fiiel-injection pulse signal and the usual usual heat release. A broken line B shows a fiiel- 
injection pulse and heat release when whenever [ cylinder intemal temperature ] falls by a certain 
reason, when not performing control by this invention. An alternate long and short dash line C shows the 
fiiel-injection pulse and heat release at the time of lowering whenever [ under control of ECU of this 
operation gestalt / cy Under intemal temperature ]. 

[0042] If a reaction begins [ the fiiel which was injected by the 1st time in any case ] beforehand, 
cylinder intemal pressure will rise beforehand for generation of heat by the reaction. The cylinder 
intemal pressure sensor 18 detects this cylinder intemal pressure change, the reaction detecting element 
5 detected and detected the reaction stage beforehand from change of this cylinder intemal pressure 
sensor signal - beforehand ~ a reaction stage - ****** - it can judge [ in which the anticipation 
combustion stage is carrying out the tooth lead angle how much than a target combustion stage / or or ] 
whether the angle of delay is carried out by comparing a reaction stage. If the angle of delay of the fiiel 
injection timing of the 2nd time will be carried out if the anticipation combustion stage is carrying out 
the tooth lead angle, and the anticipation combustion stage is carrying out the angle of delay by this 
judgment, the fiiel-injection control section 6 will control to carry out the tooth lead angle of the 2nd 
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fuel injection timing. Thereby, a combustion stage is controllable as a target to be shown in the alternate 
long and short dash line C of drawing 8 . 

[0043] In addition, although it is controllable at the combustion stage as a target even if it replaces with 
the tooth lead angle of the 2nd fuel injection timing, it replaces with with a fixel oil consumption [ 2nd ] 
loading or the angle of delay of the 2nd fuel injection timing as control of the fuel-injection control 
section 6 and it decreases the quantity of the 2nd fuel oil consumption, there is a fault accompanied by 
some fiiel consumption aggravation and torque fluctuation. 

[0044] Next, the control flow of this operation gestalt is explained to a detail with reference to the flow 
chart of drawing 9 . Rough actuation of drawing 9 is explained first. A service condition is judged and it 
branches to jiraip-spark-ignition combustion and compressed self-ignition combustion, the fuel which, 
detected cylinder intemal pressure after the 1st fuel injection, and was injected by the 1st time in the 
operating range of compressed self-ignition combustion based on change of this cylinder intemal 
pressure — a reaction stage is judged beforehand. And if the angle of delay of the 2nd fuel injection 
timing will be carried out if the reaction stage has carried out the tooth lead angle beforehand compared 
with the predetermined stage, and the reaction stage has carried out the angle of delay beforehand, the 
tooth lead angle of the 2nd fuel injection timing will be carried out. Thereby, the optimal compressed 
self-ignition stage is obtained. 

[0045] In drawing 9 , first, an accelerator opening signal and a crank angle signal are detected at step 10 
(a step is hereafter abbreviated to S), and an engine speed and a load are computed by SI 1 . 
Subsequently, with reference to a map like drawing 2 memorized beforehand, a combustion condition is 
judged from an engine speed and a load by SI 2. 

[0046] When a combustion condition judges it as jump-spark-igmtion combustion, it progresses to S13, . 
and control of jump-spark-ignition combustion is started. When it is judged as self-ignition combustion, 
it progresses to S14 and control of compressed self-ignition combustion is started. Subsequently, first 
fuel injection is performed at the stage which carried out the tooth lead angle from the compression top 
dead center by SI 5. Subsequently, a cylinder intemal pressure sensor (sign 18 of drawin g 1 ) detects 
cylinder intemal pressure by SI 6. The reaction detecting element 5 computes the amount of heat release 
based on cylinder intemal pressure beforehand by SI 7, and the reaction stage CT is computed 
beforehand. Subsequently, the 2nd fuel injection timing IT 2 is called in from the map of drawin g 10 by 
S18. 

[0047] Subsequently, the validity of a reaction stage is beforehand judged by SI 9. that is, a map as 
shown in drawing 1 1 is searched, and it is obtained -******-- the reaction stage CT is compared 
beforehand, CT is carrying out the tooth lead angle to CTA, or having been computed judges whether it 
is alinost equal or the angle of delay is carried out to be the reaction stage CTA, and this judgment result 
amends the 2nd fuel injection timing. 

[0048] for example, - beforehand - the reaction stage CT - ****** - since the reaction stage has 
carried out the tooth lead angle beforehand in being smaller than reaction stage CTA-alpha (for example, 
alpha= 1), it branches to S20 and the angle of delay of the 2nd fuel injection timing IT 2 is carried out to 
IT2+beta. 

[0049] beforehand - the reaction stage CT -****** - since the reaction stage has carried out the angle 
of delay beforehand in being larger than reaction stage CTA+alpha (for example, alpha= 1), it branches 
to S21 and the tooth lead angle of the 2nd fuel injection timing IT 2 is carried out to IT2-beta. In CTA- 
alpha<=CT<=CTA+alpha, adjustment of the 2nd fuel injection timing is not performed, but it moves to 
it S22. And it carries out at the stage which amended the 2nd fuel injection by S22. 
[0050] Drawing 10 is the map of the 2nd fuel injection timing IT 2 of the criterion by the engine speed 
and the load. Since the relative time amount for evaporation of the fuel injected by the 2nd time or 
refining becomes short, the tooth lead angle of the fuel injection timing is carried out as an engine speed 
becomes high. Since fuel oil consumption decreases and lighting becomes difficult as a load becomes 
small, the tooth lead angle of the fuel injection timing is carried out. 

[0051] drawing 1 1 - ****** - it is the map of the reaction stage CTA. an engine speed becomes high - 
since it is alike, and it follows and the relative time amoimt for the chemical reaction of combustion 
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becomes short — ****** — the tooth lead angle of the reaction stage is carried out. a load becomes small 
- since it is alike, and it follows, fuel oil consumption decreases and lighting becomes difficult - 
******- the tooth lead angle of the reaction stage is carried out. 

[0052] Drawing 12 shows the compressed self-ignition range of inflanmiability of this operation gestalt 
by the service condition, and the conventional compressed self-ignition range of inflammability. As 
shown in drawing, compared with the conventional example, the range of compressed self-ignition 
combustion is substantially expandable to a heavy load side with this operation gestalt. 
[0053] Next, the 2nd operation gestalt of this invention is explained. Drawing 1 3 is system configuration 
drawing showing the configuration of the 2nd operation gestalt of the combustion control system of the 
internal combustion engine concerning this invention. Although the configuration of the 2nd operation 
gestalt is the same as the configuration of the 1st operation gestalt shown in drawing 1 almost, having 
added the adjustable valve timing device 20 in which the valve timing of an inlet valve 14 and an 
exhaust valve 15 is changed, to the 1st operation gestalt differ. 

[0054] The 2nd operation gestalt is characterized by the thing of the sealing stage when it could switch 
at while operating the valve timing for jump-spark-ignition combustion, and the valve timing for 
compressed self-ignition combustion, and both pumping bulbs have closed the 1st fiiel injection under 
compressed self-ignition combustion in the exhaust stroke according to the adjustable valve timing 
device 20 to perform. 

[0055] In drawing 14 (a), the valve timing at the time of jump-spark-ignition combustion aad a valve 
Uft, and drawing 14 (b) show the fiiel-injection pulse signal at the time of compressed self-ignition 
combustion, and drawing 14 (c) shows the valve timing and the valve lift at the time of compressed self- 
ignition combustion, respectively. 

[0056] At the time of compressed self-ignition combustion, the exhaust valve is closed earlier than an 
exhaust stroke top dead center in the middle of the exhaust stroke. Moreover, since the angle of delay of 
tiie stage which an inlet valve opens is fiiUy carried out fi-om the top dead center, before an inlet valve 
opens, the sealing stage which both pumping bulbs have closed exists. Both 1st fuel injection is 
performed at the sealing stage which said pimiping bulb has closed, and 2nd fiiel injection is performed 
near a compression top dead center. 

[0057] In order to close earlier [ an exhaust valve ] than a top dead center, the g£is after the combustion 
which was not exhausted is sealed and compressed into a cylinder. The gas after the combustion which 
was an elevated temperature from the first becomes an elevated temperature fiirther by this compression. 
If a fuel is injected in the cylinder of such an ambient atmosphere of elevated-temperature high voltage, 
refiming of a fiiel will progress. Consequently, the ignitionability of a fixel improves and a reaction stage 
carries out a tooth lead angle beforehand. 

[0058] The heat release stage A of the 1st operation gestalt (continuous-line display) and the heat release 
stage B of the 2nd operation gestalt (broken-line display) are shown in drawdng 15 . With this operation 
gestalt, since refining of the fuel injected by the 1st time is progressing fi*om the 1st operation gestalt, 
the generating stage of a reaction has carried out the tooth lead angle beforehand. Moreover, since the 
fiiel injected by the 1st time is reforming and ignitionability is improving, the angle of delay also of the 
fiiel injection timing which is the 2nd time is carried out. 

[0059] Therefore, there is time amount from the detection stage of a reaction to the 2nd fuel injection 
timing beforehand, and the long operation time in ECUl can be taken compared with the 1st operation 
gestalt. Consequently, decision of a reaction stage and control of the 2nd fiiel injection timing can carry 
out with a sufficient precision beforehand. 

[0060] Moreover, since the fuel injected by the 1st time is reforming, it can reduce unbumt [ HC ]. The 
control flow of a **** 2 operation gestalt is the same as flows-of-control drawing 9 R> 9 of the 1st 
operation gestalt. 

[0061] Next, the 3rd operation gestalt is explained. The configuration of the 3rd operation gestalt is the 
same as the configuration of the 1st operation gestalt shown in drawing 1 . The 3rd operation gestalt 
makes fiiel injection in 1 cycle 1 time, and performs it near a compression top dead center. Moreover, it 
is characterized by performing amendment of fiiel injection timing based on the cylinder intemal 
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pressure and temperature hysteresis to near a compression top dead center. 

[0062] With the 3rd operation gestalt, in order to inject a fuel at once, the inclination for combustion to 
tend to become rapid is shown. Therefore, it is necessary to carry out the angle of delay of the 
combustion stage further, and to control a combustion stage with a sufficient precision. On the other 
hand, since fuel injection per 1 cycle is made into 1 time, calculation of the fuel injected is easy and 
control of an air-fUel ratio can keep precision high. 

[0063] The comparison with the heat release stage A of the 1st operation gestalt (continuous-line 
display) and the heat release stage B of the 3rd operation gestalt (broken-line display) is shown in 
drawing 16 . With the 3rd operation gestalt, since there is no fuel into a cylinder until fuel injection is 
performed near a compression top dead center, a reaction does not occur beforehand. Therefore, fuel 
injection timing near a compression top dead center cannot be beforehand amended from a reaction 
stage like the 1st operation gestalt. For this reason, with the 3rd operation gestalt, it asks for whenever 
[ cylinder internal temperature ] based on the cylinder internal pressure which the cyUnder intemal 
pressure sensor 18 detected with a certain sampling period, a firing stage is predicted based on whenever 
[ cylinder intemal pressure and cylinder intemal temperature ], and the description is to amend the fuel 
injection timing near a compression top dead center according to this predicted firing stage. 
[0064] Drawing 17 shows inverse number 1 / tau of the ignition-delay time amount tau of the gasoline 
mixture to the temperature in a constant- volume machine, and a pressure. It is shown that a fuel tends to 
be lit, so that 1/of inverse numbers tau of ignition-delay time amount is large. 
[0065] Moreover, in drawing 17 , the example of the temperature in a compression stroke and the 
hysteresis of a pressure is shown. The firing stage of compressed self-ignition when a pressure and 
temperature change continuously can be predicted using inverse number 1 / tau of the ignition-delay 
time amount in a constant- volume machine. This is attained by integrating 1/tau and calculating 
integral l-/taudt (= it being called BP and a following firing characteristic) according to the temperature 
in the cylinder of each cycle, and the hysteresis of a pressure. 

[0066] That is, from immediately after compression initiation, cylinder internal pressure is detected with 
a certain sampling period (deltaT), the temperature according to this pressure is computed, the map of 
drawing 17 is searched from these pressures and temperature, and it asks for 1/tau. And BP=integrall- 
/taudt and the time of sigma [(1/tau) xdeltaT] reaching firing level (value with **1) actually can be 
judged to be a firing stage. 

[0067] Drawing 18 indicates heat release to be BP=integrall/taudt in each crank angle. By B to which 
whenever [ cylinder intemal temperature ] fell, the value of BP is low to the usual fuel injection timing 
IT of A. Therefore, if fuel injection is performed by the IT usual in this condition, a firing stage will 
carry out the angle of delay, and combustion will become instability. 

[0068] On the other hand, when it judges whether predetermined judgment level is reached in a certain 
judgment stage before fuel injection timing in the value of BP and judgment level is not reached, the 
case where the tooth lead angle of the fuel injection timing IT in a compression stroke is carried out is 
shown in C. Whenever [ cylinder intemal temperature ] can fall, and in consideration of the part to 
which the reaction time to firing became long, when only the amount beta of amendments carries out the 
tooth lead angle of the fuel injection timing IT, it can control to carry out compression ignition 
combustion at a target stage. 

[0069] Next, the control flow of the 3rd operation gestalt is explained with reference to the flow chart of 
drawing 19 . The rough flow of control is the same as that of drawing 9 which is the flow chart of the 1st 
operation gestalt. Different points from the 1 st operation gestalt are a tooth lead angle, maintenance, and 
a point that carries out the angle of delay about fiiel injection timing in a compression stroke by 
calculation and the decision result of the firing characteristic BP for the firing stage prediction not more 
than S35. 

[0070] A cylinder intemal pressure sensor detects the cylinder intemal pressure P by S35. T is computed 
whenever [ cylinder internal temperature ] from the cylinder intemal pressure P so that it may mention 
later by S36. Subsequently, a map like drawing 17 is searched with S3 7, for example from whenever 
[ cylinder intemal pressure P and cylinder intemal temperature / T ], and it asks for inverse nimiber 1 / 
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tau of the ignition-delay time amount tau. Firing characteristic BP=integrall-/taudt is computed by S38. 
It judges whether it is the decision stage of a firing characteristic by S39, and if it still is not a decision 
stage, it will retum to S3 5 and the addition of the firing characteristic BP will be continued. 
[0071] If it is a decision stage, the fuel injection timing IT of setting out will be called in by S40. The 
gap with the value and desired value gamma of fu-ing characteristic BP=integrall-/taudt is judged by 
S41. When BP is smaller than a lower limit (gamma-0.01), it predicts that a firing stage is overdue and 
the tooth lead angle of the fuel injection timing is carried out by S42. 

[0072] When BP is larger than a upper limit (gamma+0.01), it predicts that a firing stage carries out a 
tooth lead angle, and the angle of delay of the fuel injection timing is carried out by S43. If a gap of the 
value of BP is in [ from desired value gamma ] a limit (gamma-0.01 <= BP<=gamma +0.01), a setting- 
out change of fiiel injection timing will not be made. And fuel injection in a compression stroke is 
performed by S44. 

[0073] How to compute T whenever [ cylinder internal temperature ] from the cylinder internal pressure 
P in S36 here is explained. This calculation approach is an approach called combustion analysis, and 
computes whenever [ cylinder internal temperature ] for the alliance differential equation of the 
following three equations by solution Lycixmi chinense. 
[0074] 
[Equation 1] 

The 1st principle of thermodynamics dQ=dU+dW — (1) 
Equation of state PV=mRT - (2) 
Intemal energy type dU=d (m-Cv-T) — (3) 

here — Qxharge heating value, U:intemal energy, W:work, Pxylinder intemal pressure, and V: ~ it is 
Cvispecific heat at constant volume whenever [ volume, number of m:mols R:gas constant, and 
Txylinder intemal temperature ]. 

[0075] The polytropic index for every crank angle can be found by solution Lyciimi chinense in the 
above three formulas, and whenever [ cylinder intemal temperature ] can be predicted with a sufficient 
precision. It is called combustion analysis, this solution method is well-known for this contractor, and 
since it also requires paper width, it is omitted for details. 

[0076] Moreover, although it can also ask for T based on polytropic change whenever [ cylinder intemal 
temperature ], since the intake-air-temperature sensor for acquiring the initial temperature TO was 
needed and fixed polytropic-index n is always assumed among a cycle, precision falls a little. Below, the 
temperature formula by polytropic change is shown. 
[0077] 
[Equation 2] 

T=T0x(V0A^r (n-1) - (4) 

Here, they are Vivolume, the initial temperature of TO:, the initial volume of VO:, and nrpolytropic index 
whenever [ Txylinder intemal temperature ]. 

[0078] Next, the 4th operation gestalt is explained. The configuration of the 4th operation gestalt is the 
same as drawing 1 R> 1 which shows the configuration of the 1st operation gestalt. The 4th operation 
gestalt is characterized by changing the amount of amendments of the fiiel injection timing near a 
compression top dead center when a reaction stage changes beforehand according to a target combustion 
stage. For this reason, in this operation gestalt, the interior of the fuel-injection control section 6 is 
equipped with the map of the target combustion stage BTA according to a service condition as shown in 
drawing 20 , and the amount of amendments beta map of fuel injection timing according to a 
combustion stage as shown in drawing 21 . 

[0079] As mentioned above, the robustness of the combustion to the cycle variation of whenever 
[ cylinder intemal temperature ] changes with combustion stages. The robustness of combustion falls, so 
that a combustion stage carries out the angle of delay from a compression top dead center. Therefore, 
when a combustion stage carries out the angle of delay, the amount of amendments of the fuel injection 
timing near a compression top dead center when a reaction stage changes beforehand is enlarged. 
Consequently, it cannot be based at a combustion stage but the robustness of combustion can be 
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improved. 

[0080] Next, the control flow of the 4th operation gestalt is explained with reference to the flow chart of 
drawing 22 . The rough flow of control is the same as that of drawing 9 which is the flow chart of the 1st 
operation gestalt. 

[0081] Only a different place from the 1st operation gestalt is explained. The target combustion stage 
BTA is called in from a map like drawing 20 by S59. If the reaction stage CT is beforehand judged by 
S60 and the reaction stage has carried out the tooth lead angle beforehand (CT<CTA-alpha), the amount 
beta of amendments will be calculated from the target combustion stage BTA by S61, and only the 
amoimt beta of amendments will carry out the angle of delay of the 2nd fuel injection timing IT 2 by 
S62. If the reaction stage has carried out the angle of delay beforehand (CT>CTA+alpha), the amount 
beta of amendments will be calculated from the target combustion stage BTA by S63, and only the 
amount beta of amendments will carry out the tooth lead angle of the 2nd fuel injection timing IT 2 by 
S64. In CTA-alpha<=CT<=CTA+alpha, adjustment of the 2nd fuel injection timing is not performed, 
but it moves to it S65. And it carries out at the stage which amended the 2nd fuel injection by S65. 

[Translation done.] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the block diagram of the 1st operation gestalt of the combustion control system of the 
internal combustion engine concerning this invention. 

[Drawing 2] It is drawing explaining the combustion pattern to a service condition. 
[Drawing 3] It is drawing explaining the self-ignition formation range. 

[Drawing 4] It is drawing explaining the compressed self-ignition combustion operating range of the 
conventional technique. 

[Drawing 5] It is drawing explaining the combustion wave form over a combustion stage. 
[Drawing 6] It is drawing explaining the maximimi [dP/dthetamax] and thermal efficiency of the 
cylinder intemal pressure R/C over a combustion stage. 

[Drawing 7] It is drawing explaining the robustness of the combustion to a combustion stage. 
[Drawing 8] It is drawing explaining the combustion stability of the 1st operation gestalt. 
[Drawing 9] It is control flow chart drawing of the 1st operation gestalt. 
[Drawing 10] It is the 2nd fiiel-injection-timing (IT2) map to an engine speed and a load. 
[Drawing 1 1 ] an engine speed and a load are received — ****** — it is a reaction stage (CTA) map. 
[Drawing 12] It is drawing explaining the compressed self-ignition combustion operating range of the 
1st operation gestalt. 

[Drawing 13] It is the block diagram of the 2nd operation gestalt. 

[Drawing 14] It is drawing explaining the valve timing of the 2nd operation gestalt. 

[Drawing 15] It is drawing explaining the heat release of the 2nd operation gestalt. 

[Drawing 16] It is drawing explaining the heat release of the 3rd operation gestalt. 

[Drawing 17] It is drawing explaining 1/of inverse numbers tau of the ignition-delay time amount tau 

over temperature and a pressure. 

[Drawing 18] It is drawing explaining the combustion stability of the 3rd operation gestalt. 
[Drawing 19] It is control flow chart drawing of the 3rd operation gestalt. 

[Drawing 20] It is drawing explaining the target combustion stage to an engine speed and a load. 
[Drawing 21] It is drawing explaining the amount beta of amendments of the fuel injection timing (IT) 
to a target combustion stage. 

[Drawing 22] It is control flow chart drawing of the 4th operation gestalt. 
[Description of Notations] 

1 ECU 

2 Combustion Pattern Judging Section 

3 Jump-Spark-Ignition Combustion-Control Section 

4 Self-ignition Combustion-Control Section 

5 It is Reaction Detecting Element Beforehand. 

6 Fuel-Injection Control Section 

10 Engine 

1 1 Inlet Port 
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12 Exhaust Port 

13 Piston 

14 Intake Valve 

15 Exhaust Air Bulb 

16 Fuel Injection Equipment 

17 Ignition Plug 

1 8 Cylinder Internal Pressure Sensor 

19 Crank Angle Sensor 

20 Adjustable Valve Timing Device 
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DRAWINGS 




[Drawing 4] 
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[Drawing 5] 
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[Drawing 8] 
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[Drawing 201 
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[Drawing 13] 
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[Drawing 141 
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[Drawing 211 




[Drawing 151 
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[Drawing 221 
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